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(57) Abstract: Knovin phase detectors have 
feedbackloops and do not function properly 
under severe conditions. By providing said phase 
detector with difference establishers (1) for 
establishing differences bcrwcen input signals 
and with selectors (2) for selecting one of said 
differences to be used as an output signal for phase 
locking purposes, the phase detectors operate 
better under more severe conditions, with any 
dead-zone having disappeared. Said selector (2) 
is a feedbacklcss selector, then a loop delay no 
longer exists, the linear range will not get any 
smaller for higher frequencies, the output jitter 
will not increase, for sampled input signals. 
Said selector (2) comprises latches (21,22) and a 
multiplexer (23). A converter (3) converts input 
signals into compensated input signals, via a 
buffer circuit (31,33) coupled to a replica circuit 
(32,34) per input signal, to provide input signals 
having substantially equal amplitudes and being 
compensated with process errors and temperature 
variations. The difference establisher (1) is based 
upon moduli or squares. 
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The 



invention relates to a phase detector for detecting a phase between a first 

put signal and a second input signal 

The invention also relates to a Phase I/)cked Loop comprising a phase 
detector for detectingaphasebetweenafirst input signalandasecondinput signal, mdtoa 

„.ethod for detectingaph^betweenafirst input signal andasecondi^put signal, andtoa 
processorprogramprodnotfbrdetec^aphasebetweenafirstiiq,utsigaal^ 

input signal. j 
such a phase detector forms for example part of a Phase Locked Loop or PLL 
as for exaxupleusedinPLLbasedphasedemodulatorswhereamodulatedphaseis converted 

into a voltage and in zen)-IF (i^tennediate frequency) receivers requiring a phase detector 
with possible frequency detection capabiUties. 



ApriorartphasedetectorisknownfiomUS6.366,l45Bl,whichdisclosesin 
itsFig.4adigital phase detector(102)comprisingaphasedetector(122).afilter^^^^^ 

phase-switcher (126). 

fte bsi D-FHpFIop receive, ftcREFcrcnce signal, doctbpu. of to second D-FhpFlop 
receives .he CLocK signal, ae Q-ou^u. of 4. te. D-HipFlop generics Ik UP-slgnal. to 
QK,u»u.cffte second D-FlipHopgm«atestoDOW^go.l,wlnchUP-sig™iana 

DOWN-signd are fnrter supplied to inpuB of said NAW> gate, of wUck to onvnt .s 
coupled to both Resel-inpnB of boft D-rBpFlops fcr resetting pnipoMS. 

Kno« phase deteetonr are disadvantageona. injer alia, d«! to not ftnctlonmg 
„„perlymd.r more severe conditions: fr.e«n,letolin».raage(toran^ 
phase detector operates linearly) ^ sandier ftrU*« M« and for e^npl. to 
„u»ut Jitter increases a lot for sampled inpnt signals; and for oxan^l. to, disa*«tages of 
«,,ead-«.neoflmo«,pha.e detectors wminceasenndertosemoreaeverecondrhons. 
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phase co^^.m^'^'^^'^^^'^'^'^'^' 

^'---^'^^^^^^^^^^^^^^^^^^ 

one is to be selected. 

tte taveoto =olv« (1« pn.bl».. into *^ "f P""*-* > 1*^ 

and selecting one of them. 

A9na™bodin>«toftopta««»«»~*8'°'^'^^ 

Saidfe^.ctosd«tord«sffl>.l.ve"nyloop(«Wo*l«J).».-==»''' 
„fwUch..hi*erte,u»c,ea,d»=tea.o»pd=la,in-sd«K.nolo.^»*^(»^ 

WocW«l).«.= ^arra„g.(.he,anga»wHchft.pb.>ed..«.««P«««>--W'^ 

Z'iu«.And.™.oaay.o»P».o.^^P--^'^"'=^^''"°*'«^^ 
t„rsan¥ledi«pu.sigm.ta,theoutputjitler»iBno.«rMS=. . . , , 

Asecondembodim^<oftopta«i«=*tacc<,ritagtotemv=nl,<m.^ 

dc«ned^clata3Uadvan,ageou.i„ftat-scl«^rc™.pn»,la.ch«ctack^ 
.eoo„d,npu.sisula„dfo,«odv^-dflrs.i,^sig,--dfcr8=n«a,«^W>»«™^ 

latcbsisials and for geneiating a selection sigQal, , . . . ■ 

Saidlatctearef»«.a^leIVFapmopse»4r«eivfagft.«n*«»«^ 

fo„x.::*lebeingtoaecK,ign.lb«w=«.ft*I>.i««-».iI.-i»P«-i^~»-'-'^ 
™.,a^.g-be.een«Q.n,n..».Q.*.^e.^«»-»--- 
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NAND to the Reset-inputs of saidFUptlops. ror 8*iu 
oo„,ertng«aMtap«tsigualsto««npensa«dtap«t.ig.*. 

a,6„Minc,a^ 5 U adv3..s««sM«-««ve«rc„^H«.p«i^u...n-ab^ 
■ rin.. withbothcombinationsofbuffercircuitplusreplica Circuit 

,ia„als«ftsaidm»Wplex=r8=Wngon»ofte=g«»«=«dmod^. 
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^trrferac. to fhe«*odta«BW <1««*»S1'««^- 



1 ilhrtatts tal,look diagram torn aptee detector accoriing to the 

K^2m»«««aa««i.g*g«mtoaMdphas.d«ec.<.a.»*g»«.e 
,,.«on^upoaa«od*c.^on.»i*%2.di.,o^.aec^^^^^^ 



signal. 



Tl,pba.,d««:t.rsh<™mFi6ac««pm«.diifer»c==.Ubl^to. 

^ U-yland-lx-yl .„^™ppficd.a.*.««13*g».«aU^ap^'«' 

• -.-^-j for venerating a compensated CLocK signal or x-signal, and 

co,i^sesab«lfacmMt33for«c«™gaKJ^ Convene 3 wmpeBatea 

34torg.«adagaoon>p».«dRBF«n«»g.alory^ , ° W^LJ 
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:^^Z.ia3L.3.3.-»*.^-.>^^V-.^*"-*--"° 

U..wi«>.o«.D-FHpFlops21^bei:^«»p.=**.ed„nbo«>edg^^^^^^ 
J^^r^^^ ,3 a:^«»«0Ui^n,»^sac. away « ^P^-v^ 

°"~'^""ltm.2.,»..».co^C«.S..o.x-*.la.,.^^^ 
SclL2aow<tedte«a.comp««^ClXsi^orx-^«lag«*= 

„„a^».| x-yl «cbose«.ob.«>epba3.«3i^.A»c».b.d=nvadtaaF.g. 2b,d.s 

obviouslyisfheiigttchoice. ^jia ftal diffe«« between said 

The invention is based upon an insight, lltet ana. "iM " 
„,»^BwiUiive«tWMonof«.eph.se(diflto,c.).obedetectrf,«riisbased 

^ ::r"^t..etaUs,«..ev.t.di.tet»..-----0.,-.ctin.aats. 
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one ftom a second one or vice versa with the first one either leading or lagging the other 
one), after which the best one (the ri^t one) is to be selected. 

The invention solves the problem, inter alia, of providing a phase detector 
which operates properly nndermoresevere conditions, and is advantageous, inter alia, in that 
any dead-zone of thisphasedetectorhas disappeared, asaresultofestabUshing^^^^^^ 

and selecting one of liiem. 

Said feedbacldess selector 2 does not have any loop (at block level), as a result 
ofwMch at higher frequencies, due toaloopdelayin said selectorno longer existing(at 

block level), .he linear range(therange in which thephase detector operates 

get any smaller. And due to any loop no longerbeingpresentinsaidselector 2 (atblock 

level), for sampled mput signals, the output jitter wUl not increase. 

Preferably, the delay in selector 2 (fiom input signals to selection signal) is 
srnaller than the sum of the delaysofconverter3(from input signals to compensated input 

signals) and difference estabUsher 1 (ftom subtracting circuit 1 1 via modulus circuit 12 to 
nxultiplexer 13), then multiplexer 13 will be ready before the moduli have arrived. Further, 
both paths in modulus circuit 12 should have substantially equal delays to avoid the 

mtroduction of phase enors. 

Modulus ciicnit 12isfor example realized via Ul = z. sign(z)througha 
circuit comprisingt.elvetransistorsQl-Q12and five current sources CS1-CS5.C^^^^^ 
of Q9 Q10,Q1I.Q12 are coupled to a positive voltage source, and bases of Q12 and Q9 are 
couplld to each other andofQllandQlOare coupled to each other andreceiveabias 
voltage. The emitter of Q12 is couple to the basis of Ql md to a first current source CSl 
ao(14^)). with the coUeotor of Ql being co,q.led to the emitter of Q9 and to the basis of Q3 
^tothecollectorofQ4andtothebasisofQ5andtothebasisofQ8.andwiththeemitter 

of Ql being coupled to the emittersof Q3, Q4 andQ2 and 1o a second current source CS2 
(Ibias). The emitterofQlliscoupledtothebasisofQ2andtoathirdcun:ent source CS3 

ao(l-z)) with the collectorofQ2being coupledto1heemitterofQ10aridtothebasisofQ4 
aud to thecollectorofQ3 and to thebasis of Q6 and to thebasis of Q7.The emittersof Q5 
and Q6 are coupled to each other audtoafourfhcurrent source CS4(Io(l-z)). and the 

emitters of Q7 and Q8 are conpledto each other and to a fifth curre«it source CSS (Io(l+z)). 
The collectors ofQ5 and of Q7 are coupled toafirstcommonpoint for conductingacurrent- 

U I = z . sign(z) and the collectors of Q6 and Q8 are coupled to a second common pomt for 
conducting a current + 1 z I = z • sign(z). 
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Altemtively/msteadofamoduluscircmt 12.asquaring circuit couldbe 

introduced, for geaerating a fir^ square -.(x-y)^ and a second square -(x-yf • This could for 
example be realized via z^=z.zthroughacircuitcoinprismg six transistors Q5-Q10^^ 

four current sources CS1,CS3.CS4,CS5. Collectors of Q9,Q10 are coupled to a positive 
voltage source, and the basis of Q9 and of QIO receive a bias voltage. The emitter of Q9 is 
coupledtothebasesofQSandQSandtoafirst current source CSiao(l^)). The emitter of 

QIO is coupled to tiie bases of Q6 and Q7 and to a third current source CS3 ffod -z))- The 
emitters of Q5 and Q6 are coupled to each other and to a fourth ciirrent source CS4 (loil-z)), 
and the emitters of Q7 and Q8 are coupled to each other and to a fifth current source CS5 
ao(m)). The coEectors of Q5 and of Q7 are coupled to a first commonpoint for conductmg 
a current - and the collectors of Q6 and Q8 are coupled to a second common point for 

conducting a current + z^. 

Many alternatives belong to the possibilities without departing from the scope 
of this invention. Subtracting circuit 11, modulus ciimt 12 or squaring ciicuit 12. and 
multiplexer 13 can be designed inmany different ways. For example saidcircuits 12 canbe 
designedusing other transistors and/or other polarities, and mstead of usin^ 
wire-constnu^tiona-single-wire + earth/ground-constructiona^^^ LatchesZl and 

22 could be in the form of other FlipFlops and/or other circuits. 

He phase detector according to the invention can be used advantageouslym 

Phase Locked UopsorPLI^rumungatlGHz or 10(Bz as for exampleusedinPLL based 

phase demodulators where a modulated phase is converted into a voltage and m zero-IF 
(intermediate frequency) r^^eiversrequiringaphase detector withpossiblefirequency 

detection capabilities. 
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CLAMS: 



1 Phase detector for detecting a phase between a first input signal and a second 

input signal, characterized in that said phase detector comprises a difference establisher for 
estabUshing differences between said input signals and comprises a selector for selecting one 
of said differences to be an output signal. 

2. Phasedetector accordingto claim 1, characterized in that said selector is a 

feedbackless selector. 

3 Phase detector according to claim 2, characterized in that said selector 

comprises latches clocked by said second input signal and for receiving said first input signal 
and for generating latch signals and comprises a multiplexer controUed by said second input 
signals and for receiving said latch signals and for generating a selection signal. 

4. phasedetectoraccordingtoclaiml,characterizedinthat8aidphasecircuit 
comprises a converter for converting said input signals into compensated input signals. 

5. Phase detector according to claim 4. characterized in that said converter 
comprises per input signal a buffer circuit coupled to a replica circuit. 

6 Phase detector according to claim 4, characterized in that said difference 
establisher comprises a subtracting circuU for subtracting compensated input signals from 
each olher and generating a result signal and comprises a modulus circuit for generating 
moduH of said result signal, with said phase detector comprising a multiplexer to be 
controUed by a selection signal for selecting a modulus. 

7 Phase detector according to claim 4, characterized in that said difference 
establisher comprises a subtracting circuit for subtracting compensated input signals from 
each other and generating a result signal and comprises a sqtxaring circuit for generating 
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s,uaresofsaidresultsi^.-fesaidphascdetectoxcon,prisingamul^^^^^^^ 
controlled by a selection signal for selecting a sqnare. 



8. Phase 



signal. 



one 



of said differences to be an output signal. 




Fig. 2a Fig.2b 
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